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ABSTRACT

We investigate properties of the hadron jets produced in
deeply inelastic antineutrino-nucleon charged current inter-
actiong in the Fermilab 15-fcot bubble chamber. Our detailed
apalyzis of the jet net charge provides evidence for the
quark origin of the hadron jets. The factorization hypothesis

for tke inclusive one-particle cross sectisn is found 2o be

valid.



I. INTRODUCTION

Quark fragmentation is bellevad to be the origin of
hadron jets observed in deeply inelastic lepton-nucleon scat-
tering', e+e—-annihilation’, and large transverse momentum
hadron-hadron collisions’®.

In parton models the parton struck by the current in
lepto-production or produced in e‘e‘-anpihilation is thought
to convert into the final state hadrons having inclusive spectra
which are independent of tha initial state and which are deter-
mined only by the quark flavour and by the hadron fractional
energy. Two characteristic features of hadron fragmentation in
particle production in hadron-hadron interactions at high
energy aré the existence of a flat rlateau in rapidity and the
retention of hadron quantum nymbers, on the average, in the
hadron fragmentation rsgion. Berman, Bjorken and Koguvt have
argued that parton fragmentation should also develop a plateau’
and Feynman has suggested that the quantum numbers of the quark-
parton are also retained, on the average, in the quark frag-
mentation regicn’.

Properties of the jets are, at present energies, well
described by the parametrization of Field and Feynman who aﬁsume
a simple mementum sharing in the guark fragmentation process,
the size of SU(3) symmetry violation, and the spin rature and
the limited transverse mcmentum of the primary mesons.® Many

of the experimental tests have been, however, insensitive to



the basic hypothesis that quark fragmentation is the origin of
the observed hadrons.’

It is the purpose of this study teo find evidence fcr the
quark crigin of the hadron jets in deeply inelastic lepto-
production. In this paper we will particularly concentrate on
the net charge and factorization properties of the inclusive
particle spectra of the hadrons produced in antineutrino-
nucleon charged current interactions. In two forthcoming
papers, we will extend our analysis to inclusive single-particle
distributions, particle ratios and multiplicities in the jets,
and the transverse structure of the antineutrinc charged currant

induced jets.
I1XI. EXPERIMENTAL DETAILS

The experimental analysis is based aon events photographed
in the Fermilab 15-foot bubble chamber filled with a neon-
hydrogen mixture (64% atomic neon) expcsed in a first run to a
double horn focused wide~band antineutrino beam® and in a second run to
a bare target sign selected antineutrino team®. In‘the first
run an absorptive plug suppressed the neutrino flux. The
neutrino component in our antineu;rino avent sample is akbout
15%, averaged over the antineutrino energy spectrum for anti-
neutrino energy EG>10 GeV. _

A ;uN charged current interaction produces hadrons and a

positively charged muon which balances the total transverse



momentum of the hadrons, The muon is Identified by the
External Muon Identifier'® supplemented by a large transverse
moﬁentum procedure (BIGPT). The EMI's efficiency is the pro-
duct of a geometric acceptance and an instrumental efficiency
which is approximately flat as a function of muon momertum
P, for pu>10 GeV/c. The BIGFT muon identification procedure
identifies the muon candidate by testing thlie transverse
momentum of the candidate (pt} with respect to the direction of
the visible momentum of the obserwved hadrons as indicated in
Fig. 1. Using events containing EMT identified muons we deonstrate in
Fig. 1 that charged hadrons have By well below 1.6 GeV/c Lbut the
muons generally have much larger Py - This and similar studies
suggested the following algorithm: when the charged track
with the largest Py in the event is found, it is selected as
a muon if it has either (1) pt>1.6 GeV/c or (2) p">4 GeV/z
and angle relative to the beam direction greater than 0.2
radians. Our stuvdies show that the BIGPT selected muon sample
confains leas than 2% hadron contamination. &As can be seen
from Figure 2, BIGPT is significantly more efficient than the
EMI when pu>10 GeV/c, but low momentum muons (puclo GeV/c) are
more efficiently identified by EMI.'! The two identification
methods are complementary; the overall u+(u-) identifization
efficiency is 92% (B7%) independent of muon preduction angle
for muons having pu>4 GeV/c.

Charged hadron tracks not giving a unigque mass fit in a
geometry program were treated as pions. Special attention was

given to the determinatior of the charge and momentum of the



hadron tracks which were difficult to measure accurately.
Hadrons which intevacted or decayed in too‘short a distance in
the bubble chamber to allow an adequate momentum estimate or
charge determination were analyzed separately. For these
tracks the momentum and charge were estimated from the tracks
emerging from the secondary interaction or decay. If the
relative error in this estimated momentum, Ap/p, exceeded 40%,
the whole event was rejected (8% of the total sample of events).
As an alternative procedure, all tracks having relatively large
Ap/p were rejected (7% of all tracks), and momentum dependent
weights were assigned tc all tracks to account for the clﬁse-
in interactions. The average weight used in this procedure

was 1.09. Resulting inclusive spectra from the two procedures
were found to be in a good agreement. ‘

Scanning efficiencies, ranging from G5% for two-pronged
events to 99% for six~ and higher-pronged events, were accounted
for by assigning multiplicity dépendent weights to all events.

The antineutrino (neutrino) energy spestrum peaks at 1B
GeV {26 GeV) and extends up to 200 GeV (Fig. 3}. On the
average 17% of the hadronic energy escapes detection in the
bubble chamber. The analysis was performed using several energy
correction procedures, for example, event-by-event methods!?’!?,
and an éverage enerqgy correction method’!, The physics re-
sults presented heré were found to be insensitive to the
method employed and are actually based on the method of Ref. 13.

Energy smearing in inclusive distributions is taken into

account by evaluating energy de-smearing functions for each



inclusive spectrum from a Monte Carlo program’ which was suit-
ably modified to meet our experimental conditions. 1In this
Monte Carlo model the hadronic final states zre generated, for
a given hadronic center-of-mass energy (W), according to longi-
tudinal phase space for pruduced mesons plus an approximately
flat center-cf-mass distribution in Feynman-x (xr) for the
recoiling nuvcleon in the interwval -0.95<xF<0. The Monte Carlo
events are_ccnstrained to conserve erergy, charge and momentum,
but there are no particle-particle correlations built in. The
numbers of negatively charged pions produced are constrained to
follow the parametrization <n > = -0.23 + 0.76 1nW? evaluated
for our data. .

Finally, the antineutrino (neutriro) event sample was
required to have (a) a positively {(negatively) charged muon with
momentum greater than 4 GeV/c and {b} a total momentum along the
antineutrino {neutrino) direction larger than 7.5 GeV/c. The
charged current antineutrino {(neutrino} event sample passing

these selection criteria consists of 7200 (1100} unweighted

avents.
I1I. JET DEFINITION

There ars several ways to define the current jet. Based
on the limited transverse momentum of the secondary hadrcns
relative to the current direction one can define a cylinder

which contains most of the curcent jet or one can choose an



angular cone relative to the current direction to include the
hadrons belonging to the current jet. However for our inclusive
analysis we will base our selection of the current jet on the
rapidity distribution of the net charge of the final state had-
rons as Seen in the hadronic éenter-pf—mass system.

Datailed consideration of the rapidity distributions of
the hadrons resulting from the deeply inelastic lnteractions
is given by Bjorken'*, he separates the following distinct

rapidity regions (Fig. 4}:

(1) Particles moving rapidly forward in the current
direction in the hadron center-of-mass system
arise from the fragmentation of a quark which the
current has knocked out of the target nucleocn

{Region V in Fig. 4).

{2) Particles moving to the opposite, backward,
direction relative to the current direction in
the hadron center-of-mass system lie in the tar-
get fragmentaticn region and arise from the
*hadronization" of the partons which remained

after the collision (Region I).

{3) Particles moving slowly with respect to the
center-of~mass lie in the central regicn (target
plateau, Region II, and current plateau, Region

IV). Their distribution is flat in rapidity.



The central region also contains the region of
phase space formerly occupied by the struck guark
before it was removed (the hole fragmentation

region, Region III).

The rapidity distributions of charged hadrons produced in
the antineutrino-nucleon charged current interactions in this
experiment are shown in Fig. § in three different center-of-
mass energy intervals. The rapidity in the center-of-mass sys-
tem is y. = 1/21n((E'+p;l/(E*—p;}), where E’ is the hadron
center-of-mass energy and p; the hadron center-of-mass momentum
along the current direction. The length of the total rapidity
interval is proporticnal to 1nw2, while the length of the current
fragmentation region is proportional to ln(—qzl, where —qz is the
current mass squared. Hence, one should select relatively large
values of W to ensure adequate separation of the target and
current fragments. It is conjectured that the Lole fragmenta-
tion region should be cbserved only at very small Bjorken-x
values!'® (xB = -q2/2Mv, where M is the nuclecn mass and v the
current energy}, xa=10'3. No structure which could Le attri-
buted to the hole fragmentation region in the rapiadity
distribution of charged hadrons produced in our sample of
antineutrinc-nuclenn chargéd current interactions is observed
in the xp-range accessible to this experiment (xa>0.01).

The net charge distribution of the hadrons,
(I/Nev)d(N+-N')/dy., where Nev and Nt are the numbers of events

and charged tracks, respectively, can be used to show that in



the hadron center-of-mass system the current jet is most
readily saparated.'® As variables for the inclusive
distributions, we use either the center-of-mass rapidity y’.
or the fractional energy in the laboratory system (z = Eh/v,
where Eh is the hadron energy}. To define the current jet, we
transform the hadron four vectors into the hadronie center;of—
mass system and require that the center-of-mass rapidity of
each hadron is positive, i.e., y.>0.

The following phenomena affect the jet definition (a) the
intrinsic transverse momentum of the initial guark, which con-
tributes to the overlap between the target and current frag-
ments in the region f0'2<xF<+0'2 (Ref. 16), where xF=2p;/w,
(b} target mass effects, which can be neglected for the
selection ¥q2>1 Gevzlc2 (Ref. 16), and {c) the energy recon-
struction procedure, which results in a 2-15% smearing correc-

tion, depending on x in the inclusive spectra of the final

P’
state hadrons.

The antineutrino.(neutrino) charged current induced jets
are predicted to be dominantly d-quark (u-quark) jets, but some
mixture of s-gquark jets from the Cabibbo-suppressed transition'
u+s and u-quark (d-quark) jets from the interactions off sea-
quarks in the target nucleon, d+u {u~d) is expected. The
relative amount of s-quark jets is proportiocnal to tan29c10.04.
where @, is the Cabibbo angle. Out sea-quark density distri-
bution Is shown in Fig. 6. At x, £ 0,05 there is about 70%
probability of having an a-quark f{d-quark} jet, but above

Ry = 0.1 this contribution is only 6%. 1In the following we



shall select xB>0.1 to investigate the predictions for the

d-quark (u-quark) jets.

IV. JET NET CHARGE

In the quark-parton picture of quark fragmentation,
quantum numbers of the fragmenting quark are retained, on the
average, in the quark jet. Any selection for the current frag-
ments (y.>y°) must ke made, however, to the final state hadrons
observed in the bubble chamber and not to the individual quarks
as required by the hypothesis of exact retention of the gquark
guantum numbers. A selection y.>yo can be rade for any center-of-mass
rapidity Yo2:01 we choose yo=0. Figure 7 illustrates the ex-
perimental selection procedure of the current fragments. The
selection procedure y.>y° necesgarily "cuts” som of the quark-
antiquark lires and leaves some of the gquarks out of the
selectad region. Thus, a "leakage” of one quark results if a
meson (qq-pair) 1s produced with a rapidity below the selection
y'>y°."‘ In the case of baryen production (qqg) the selection
procedure “cuts® two guark-antiquark lines and a "ileakage” of
a combination of two quarks results'?! (Fig. 7). Although this
idea of quark quantum number retention - moduloc the "leakage®™
factor - is not a characteristic of all theoretical models,
it has been ghown that the space-time structure of the frag-
mentation process selects the models containing the guantum

number retention.!?
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Let p,. Py and Pg be the probabilities of finding a gquark
with flavor u, d or s in the quark jet cascade. Heglecting
other quark flavors, probability conservation gives pu+pd+ps=1.
Isospin symmetry requires P, “P4~P and thus 2p+ps=1. The mean
of any additive quantum number of the hadrons in the curreat
jet {<N>) can then be expressed as a sum of the original quark
guantum number (Nq) and the leakage term (LN) which corresponds
to one average guark or an average of all the relevant two-
quark combinations, i.e., <N> = Nq - LN' where LH =
azipini + ‘1‘°’513P19j“1j {a is the relative zmount of mesons

* -
at the selection y =y°). The baryons contribute gg-pairs to
the leakage only when they are produced at y*=y°. .A proton
contamination of (15t3}% {Section 5) exists in our sample of
positively charged mesons. We have estimated that this con-
tamination (l1-a=0.15) could produce about 5% maximum decrcase
of the leakage term LN if all the unidentified protons were
produced at y‘=y°. In the'following, we shall neglect the
baryon term in the definition of LN and simply take LN = :ipini
{i.e., we ;ake l-a=0). We then get, for example, for the
isopin <Iz> = Iq - LI = Iq; for strangeness <S> = Sq-Ls = o4
for the u- and d-quark jets, and <S> = -(LTE) for the s-quark
jets; for baryon number <B> = By lg ™ 1/3 - ‘1"3’31‘51 = 0; and
for the jet ret charge <Q> = Qq - LQ = Qq-pou-pod-psos = 1l-p
for the u-quazk jets, and <Q> = -p for the d- and s-guark jets.

Rapidity distributions of the net eharge of the hadrons

produced in antineutrino-nucleon charged current interactions
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are shown in Fig. 8 for three different W-intervals. Separation
of the current jet is observed as the decreasing net charge in
thé central region. At finite energies, however, there is
always an overlap between the target and current fragmentation
regions which diminishes as W increases. The area lost from
the current jet net charge distributions can be estimated by
properly parametrizing the tail of the net charge distributicn
through the overlap. Assuming that the particle-particle
correlations in the central region are of short range order,
we are led tc a parametrization (i/Nev)d(N+-N—)/dy. =

C exp(—kby.), where the parameter 1 is related to the correla-
tion length in the central region?®' and Ay*=|y*-y-max|. Since
the maximum rapidity interval available is proportional to
1nuz, the contribution from the overlap is proportional to
w2,

We have estimated A = 0.5¥0.1 from our data by plotting
in<Q> versus lrW. We note further that the rapidity distri-
butions for the net charge in the htghest energy pp- and wp-
experiments are well parametrized ?1th an exponential in the
central rapidity region, (I/Nev)d(N+-N-)/dyf= C exp(-0.54Ay').2‘
This result (A = 0.54) indicates similar particle-particle
correlation lengths in the pp- and wp~ final states and our
antineutrino induced hadron jets in the central rapidity
region. In Fig. 9, we show the jet net chafge as a function

1

of W = for our antineutrinc and our neutrino charged current events.

Extrapolation of the jet net charge to infinite W gives
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<Q>; = -{0.44%0.09) and <Q>" = 0.5420.12 for the antineutrino
and neutrino charged current events, respectively. As shown

in Fig. 9, the prediction of our Monte Carlo model, which does
not include the assumption of quark fragmentation, does not

give the same W-dependence for the average nat charge as our
antineutrino data.

Our result for the overlap-free jet net charge in the anti-
neutrino (neutrino) charged current induced jets measures the
relative probability, p, of finding eithér a u- or d-quark in
the quark jet cascade:' <Q>; = -p (<@> = 1-9); This proba-
bility gives for the SU(3) symmetry violation in the formation
of qg-pairs p/p = 0.?7fg:;2. Ir the same experiment, we have
usgd the Ko/ﬂ- ratio in the antineutrino charged current in-
duced jets to obtain p_/p = 0.27 + 0,04 (Ref. 22). One should
note that exact sU(3) symmetry would imply ps/p =1. Com-
bining this result with the above net charge result we get
p = 0.44:9:05. For the average strangeness either in the u-
or d-quark jets, this combined value of p gives <S> = 0.1210.10.
The Ko/w- ratio alone as measured in this experiment would give
p = 0.44%0.01 and <s> = 0.12%0.02, respectively.

We compare our results with other estimates.of the SU(3)
symmetry violation in the quark jets obtained fron published
results of proton-proton and lepto-production exreriments.
From the K+/ﬂ+ - ratio in high energy proton-proton experi-
ments?? extrapolated to the Feynman-x of one {to avoid

resonance contributions), we estimate ps/p ~ 0.50.
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Another estimate of p_/p can be obtained from the cross section
‘ratios (J/W*K+K.)/{J/®*oﬂ) corrected for phase space factors?®,
The result psfp = 0.49%0.11 implies p = 0.4010.02. An elect:co-
production experiment obtains for the ratio [K°+i°)/(ﬂ++ﬂ-] a
value of 0.13t0.03 which the authors interpret as the ratio ps/p
{Ref. 25!; this wvalue would mean considerably stronger SU(3)
symmetry violation in the quark jets. A jet net charge measure-
ment in the same experiment, on the other hand, gives
ps/p = 0.36 (Ref. 26), which is again consistent with our
measirements.

Field and Feynman have proposed an alternative way of

*  There one

distinguishing quark jets of different flavor.
weights each particle with a z-dependent weight such that
particles closer to the overlap region get a small weight and
particles with large fractional erergy z (further from the over-
lap region) get a large weight:; i.e., the weighted charge i8
deflined as 0:'6 = zﬂzgrei, where r is a small number and e,

is the integer charge of the ith hadron in the final state.
Resulting distributions from our erxperiment are shown in

Fig. 10 (Fig. 11) for antineutrino [neutriho) charged current
events. To compare with the predictions which are calculated
for 10 GaV quark jets, we select center-of-mass energies above

6 GeV. Corresponding predictions by Field and Feynman are

shown for the d- and u-quark jets with the two values of

r, r=0.2 and r=0.5.% It is important to recognize that even

though the Field and Feynman approach involves a parametrization
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of (other) lepto-production data it gives predictions for the
weighted charge which differ according to the flavor of the
fragmenting quark. The average weighted cnarge values are
given in Table 1 with the predictions. Experimental results
for the weighted charge for antineutrino (neutrine) charged
current events are consistent with the predictions for the
d-quark (u-quark) jets but not with the predictions for the
u-quark (d-quark) jets.

We have consldered possible effects caused by the use of
a nuclear target in this experiment. Nuclear break-up products
generally increase the visible nat chﬁrge of the observed final
state hadrons. Our selection criteria for the current frag-
ments usually removes the slow secondary particles arising
from the nuclear break-up, but it is expected that a small
contamination from the nuclear fragments remains in our sample
of evants. To study these effects, we have seléatgd a sample
of events in which the net visible charge of the final state
hadrons, Q,, corresponds to the initial state charge within
one unit, i.e., we salect ~2<Q,<l. Effects of this selection
on the measured jet net charge and on the measured weighted
charge are summarized in Table 2. No significant changes in
these measured guantities are observed indicating a negligible
contamination from nuclear break-up Products.

In terms of the quark-parton picture, any Bjorken-x
dependence of the jet net charge, or the average weighted

charge, at fixed center-of-mass energy, would reflect
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contributions from the u-quark jets in antineutrinc-nucleon
charged current interactions. In Fig. 12, we present the

jét net charge and the average weighted charge (r=0.5) with
the selection W>4GeV as a function of Xg- Using the sea-quark

density distribution obtained from our data, we have calcu-

lated the predicted x_- dependence of the jet net charge

B
(average weighted charge) using the net charge {(average
welighted charge) values of -0.39 and ~-0.60 (-0.15 and -1.26)
for the d-quark 2and u-quark jets, respectively®. We then
correct these predictions for the overlap between the target
and current fragmentation regions by using the charge extra-

polation result and the kinematical relation between Xge -qz

2 W2 = g

and W (lfxB— 1) + Hzl, and obtain the gualitative
agreement with the experimental data (Fig. 12). 1In Fig. 13a
we have plotted the average jet net charge as a function of
-qz, and in Fig. 13b the average weightéd charge (r=0.5) as a
function of -q2 for the antineutrinc charged.current induced
hadron jets. In these twe figures, no Xp~ cut is applied. A
decrease of the average jet net charge at high -q2 would again

indicate contributions from the u-quark jets. A qualitative

agreement with this expectation is observed.
V. FACTORIZATIOM TEST

In the quark-partcon model of deep-inelastic scattering,

the inclusive one-particle cross section is written as a
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product of the nucleon structure functions, flth) and the
quark-parton (pi} fragmentation functions, D:(z), to a hadron
i

h of fractional morentun z, i.e., at the limit -qz*ﬂ

a’q - el "¢ h
dxdz n L fi(xB) Dpi(z’
i=1

where ng is the number of quark flavors (factorization
hypothesis).? |

In the following we will check the validity of the
factorization hypothesis in our antineutrino-nucleon chazged
current interactions. The advantage of using antineutrino
{neutrino) data is that in antineutrino (nentrino) induced
charged current interactions cne effectively selects the
initial fraomenting quark flavor to be down {(up). Thus, the
quark-by-quark factorization hypothesis applies to the whole
cross section. Any residual Xg -dependence in the fragmenta-
tion function Dg(z} would violate this hypothesis.

We define the fraqmentation functien D: within a given

-qi-lnterval in different intervals of Xgr Xgyr as follows:

tracks
h 2 1 aw
Dp(z' 9t *py) = §F Iz xBi,-qi

ev

tracks

where Nev and N denote the number of events and tracks,

respectively. The ratio
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h 2 Wwhe o 2
R = Dp(z;'qooxgi).’np(z- qoprj}

where i¥j, should then show deviation from a constant value
if the factorization hypothesis is violated.

The inclusive cne-particle distributions in the current
fragmentation region are corrected for the energy_smearing
by our Monte Carlo model described earlier by calculating
the energy de-smearing functions, i.e., the ratios
(dﬂ/dz)un’mearéd/{dN/dz)smearea. The correction varies he-
tween 5% at small z-values and 15% at large z. The énergy
de-smearing functions, as calculated by the Monte Carlo
program, for the ratios R in different xB—regions are shown
in Fig. 14.

Protons having momentum greater than 1 GeV/c are not
identified: they are treated as pions. Presence of these
misidentified prﬁtons, due to the lorentz-transformation to
the hadron.éenter-of-mass system, causes a shift of the
lncluﬁive c.m.s spectrum towards the forvard c.m.s hemisphere.
Wa have investigated effects of these misiéentified protons
in the fractional energy distributions of the positiyely
charged hadrons by using the lambda-hyperons observed in this
experiment?’., fThe total contribution from the proions in the
current fragmentation region was found to be (15%3)%s. tie

emphasize that the selection ¥W>3 GeV is applied to minimize
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the overlap between the target and current fragments and to
suppress the quasi-elastic channels which generate -q2 ~ and

xa-dependences.

Fig. 15a shows ratio R plotted with 3< -qi <10 Gev2/02

for average values of x <K > o= 0'1‘(0'01<x81<0'20) and

B’ Bl

€Xpa> = 0.2 (0.1<x32<0.31. No factorization violation i3

B2
observed in the region where one can safely speak about the
current fragments (z>0.2). The factorization property of the
inclusive one-particle cross section is further demonstrated
in Figures 15b and 15¢ where different average xa-values are
chosen. Our results for the one-particle distributions show
no significant xB-dependence.

Recent data for the moments of the nen-singlet fragmen-

S = Dh+ -Dg + in a neutrino-proton experi-

P
ment are claimed to show perturbative QCD predicted

tation functions Dg

factorization violation already at presently available neutrino

. energies'?. However., our jet net charge results, which are

] h-
o )
is the (integer) charge of hadron h

related to DN -functions by <Q> = Ehehfdz{Dg+ -D

Eheh!dzngs(z), where e,

in the jet, show the quark-parton model predicted x_ and -q2

B
dependences and do not show perturbative QCD effects: We

remark that the moment method results are effected by enerqy
smearing which causes maximum uncertainty at high z which are

strongly weighted by the'highar Z moments.
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VI. SUMMARY

In agreement with the quark fragmentation picture, we
have found evidence for d-quark jets {u-quark jets) in anti-
neutrinc (neutrino} charged current interactions. The
probability of finding a u- or d-quark in the gquark jet
cascade was measured to be 0.44%0.05, No significant
xB-dependence was seen in the single-particle distributions

in the antineutrino induced jets.
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TABLE CAPTIONS

Average net charge <>V, <Q>“ and average weighted charge

<Qw>", <Q,>

hadronic center-of-mass systen in antineutrino ard neutrino-nuclecn

VY of the hadrons traveling forward in the

charged current interactions. The average weighted charge
results are given for two different values of the weight
r, r=0.2 and r=0.5. Predictions from Ref. 6 are also
shown.

Avarage nat charge <Q>v and average weighted charge <Qw>v

of the hadrons traveling forwaid in the hadronic center-of-mass system

in antineutrino charged current interactions for different
total visible hadronic charge Q, selections in an event.
Regults obtained with two independent energy reconstruction

procedures are shown.
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TABLE 1
v v __ v
Antineutrincs <Q> <Qw> r=0.2 <Qw¥ r=0.3
Guu + ytnt -(0.44%0.09) | -(0.24%0.03) | -(0.14%0.02)
Prediction® -0.39 -0.25 -0.15
: \ v o i
Neutrinos <Q> <q> r=90.2 <Q> r=0.5
v A - uht 0.54%0.12 0.42%0.04 0.27%0.03
Prediction® 0.60 0.39 0.26
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TABLE 2

Average cnergy correction

Event-by-event energy corr.

- - <
No Qv Sel. 2 < Qv < 1] No QV sSel. 2 < QV 1
<0 | -(0.42:0.08) | -(0.4420.09) | -(0.44:0.08) |-(0.4020.09)
<0 ¥ | -(0.2040.03) | -(0.24:0.04) | -¢0.22+0.03) |-(0.25:0.04)
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FIGURE CAPTIONS

Definition of the variable P, discussed in the text
and the P, distributlons for (a) the final state had-
rons and (b) EMI-identified muons.

EMI- and BICPT-efficiencles for the identification of
{a) positively and (b) negatively charged mucns as a
function of the muon momentum.

{a) Antineutrino energy spectrum and (b) neutrino
energy spectrum as obtained from the reconstructed
event energies.

Rapidity distribution of the hadrons resulting from
the quark fragmentation process divided into: Target
fragmentation region lI)..Target plateau (II), Hole
fragmentation region (III}, Current plateau {(Iv), and
Quark fragmentation region (V).

Rapidity distributions of charged hadrons produced in
antineutrino - nucleon .charged current interactions
in three separate center-of-mass energy intervals:
(a) 3<¥<4 GaV, (b) 4<w<6 GeV and {c) 6<W<l5 GeV,
Sea-quark density distribution measured in this
axperiment: (g(x) + s(x))/(q(x) + s(x)) is the total
contribution of sea quarks as compared to valence
qguarks in a nucleon.

Schematic illustration of the origin of the gquantum

number leakage in (a) meson production and (b) in
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baryon production. The dashed line represents a physical
selection of the current fragments.

Fig. 8: The net charge of the hadrons produced in GHN charged
current interactions as a function of the center-of-mass
rapldity in three different W-intervals: 3<W<4 GeV,
4<H<6 GeV, and 6<W<15 GeV.

Fig. 9: Average net charge of the hadrons traveling forward
in the hadronic center-of-rass system as a function of Wl the
dashed line represents a linear fit to the data p_oi.nts.above
W= 3 GeV. The shaded area is a prediction obtained
from the Monte Carlo program which does not include
the hypothesis of gquark fragmentation.

Fig. 10: Weighted charge Q:=Ef?§rei for the antineutrino
charged current induced hadrons traveling forward in
the badronic center-of-mass system (a) for r=0.2, and (b} for r=0.5.
The solid curves represent the Field and Feynman pre-
dictions for the hadrons arising from the fragmgntation
of a u-quark with 10 GeV/c incident momentum and the
dashed lines the corresponding predictions for the
10 GeV/c d~-quark jets.

Fig. 11: Weighted charge Q:;tézgrei for the neutrino charged
current induced hadrons traveling forward ian the
hadronic center-of-mass systen (a) for r=3.2, and (b} for r=0.5. The
80lid curves represent the Field and Feynman predic~
tions for the 10 GeV/c u—quark'jets and the dashed
lines the corresponding predictions for the 10 GeV/c

d-gquark jets.
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Average net charge of the antineutriqo charged
current induced jets as a function of Bjorken-x,

Xy = -qz/zMu. The dashed line represents the pre-
diction described in the text. The solid line
represents the prediction corrected for the overlap.
Average weighted charge (r=0.S) of the antineutrino

charged current induced jets as a function of

Bjorken-x. The dashed line represents the predic-

"tion described in the text. The solid line

represents the prediction corrected for the overlap.
Average net charge of the antineutrino charged
current induced jets as a function of -qz.

Average weighted charge (r=0.5) of the antineutrinc
charged current induced jets as a function of -qz.
bDe-smearing functions for the ratios R (defined in
the text) between the fragmeﬁtation functions
evaluated in different Bjorken-x intervals:

(a) 0.01< x_.< 0.20, 0.1 <x_,< 0.3,

Bl B2
(b) 0,01« x31< 0.20, x32>0.2, and

{c) 0.1 <x_,< 0.3, sz>0.2. The selection in -q2

Bl
is for a, b and ¢, 3 <-q2 <10 Gevzfcz.

Experimental results for the ratles R (defined in
the text} between the fragmentation functions
evaluated in diffaerent Bjorken-x intervals:

{a} 0.01< X ¢ 0.20, 0.1< x_,< 0.3,

1 B2

(b) 0.01< x_,< 0.2, x >0.2, and

Bl B2
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{c) 0.1 <Xg1< 0-3, x5,>0.2. The selection in -qz

is for a, b, and c, 3 <-q2 <10 GeVZ/cz.
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